METHOD AND APPARATUS FOR CONNECTING BROADBAND VOICE AND 
DATA SIGNALS TO TELEPHONE SYSTEMS 



Field of the Invention 

This invention relates to telecommunications and more particularly to systems and 
methods for use in connecting broadband voice and data signals to telephone networks. 

Background 

The increasing use of the Internet and other computer based communications 
systems has lead to the development of systems and methods for providing higher 
bandwidth access over existing telephone lines. A conventional access loop from the 
Central Office (CO), for example, employs a twisted copper pair and transmission 
systems implementing technologies such as Digital Subscriber Line (DSL) have been 
developed to carry both voice and broadband data signal over such access loops. 

Due to the low pass filtering characteristics of a standard twisted pair telephone 
wire, the amplitude of a received signal is attenuated more for higher frequency signals 
than for lower frequency signals. As a result, the received high frequency data signal is 
smaller in amplitude than the low frequency voice signal. In a system which contains 
both voice and data on the same twisted pair wire, most of the dynamic range of the 
signal is used by the larger (i.e. less attenuated ) voice signal. Typical interface systems 
incorporate a circuit to separate the data band and the voice band signals directly at the 
line connection point and use duplicate circuitry for each separate signal band. For 
example, US patent 6,035,029 which issued March 7, 2000 to Little et al describes a 
system in which a network interface unit at the customer premise separates the Plain Old 
Telephone Signal (POTS) from the data signal and each is processed separately. Circuits 
of this type typically contain an expensive transformer and the duplication of components 
in general adds to the system cost and power requirements. 

Since the voice and data signals in such systems are frill duplex (i.e. both transmit 
and receive at the same time on the same twisted pair wire), a fraction of the transmitted 



signals from both the voice and data bands appears across the connection points to the 
twisted pair. The connection point is also known as the Tip and Ring. These unwanted 
signals must be removed for proper signal reception. This is typically done in a voice 
only system using an analog circuit which subtracts the appropriate fraction of the 
outgoing (fraction transmit ) signal from the incoming (receive + fraction fransmit) 
signal. The resulting signal is the receive signal alone. This is known as a transhybrid loss 
circuit. 

In a voice only system, since the transmit fraction of the incoming signal is in the 
same amplitude range as the receive component of the incoming signal, the transhybrid 
loss circuit fimction can be performed digitally after the analog to digital conversion 
without much compromise on the dynamic range of the analog to digital converter. This 
can be a large problem in a system which has a high frequency data signal, since the 
fransmit fraction of the incoming signal is much larger than the receive component of the 
incoming signal. 

Summary of the Invention 

The present invention seeks to provide an interface system for connecting 
broadband voice and data signals to a fransmission medium such as a twisted pair for bi- 
directional communication without the voice band signals significantly affecting the data 
band signals and visa versa. 

The invention is suitable for, but not limited to, interfacing a DSL analog front 
end circuit to a subscriber line in the presence of a voice band (DC - 4000hz) signal. 

Therefore in accordance with a first aspect of the present invention there is 
provided: a method of terminating an interface to a connection point in a communication 
system for commimicating voice and data band signals over a common communications 
medium comprising: providing an analog filter in a voice band return loss circuit to 
prevent voice band interference on the data band signal. 

In accordance with a second aspect of the invention there is provided: a method of 
terminating an interface to a connection point in a communication system for 



communicating voice and data band signals over a common communications medium 
comprising: providing an analog filter in a data band return loss circuit to prevent data 
band interference on the voice band signal. 

In a further aspect there is provided: a method of terminating an interface to a 
coimection point in a communication system for communicating voice and data band 
signals over a common communications medium comprising: providing a first analog 
filter in a voice band return loss circuit to prevent voice band interference on the data 
band signal and providing a second analog filter in a data band return loss circuit to 
prevent data band interference on the voice band signal. 

Still fiirther, there is provided: a method of canceling a transhybrid component 
and near end echo firom a data signal at an interface to a communication system for bi- 
directional communication of voice and data band signals over a common interface 
comprising: providing an analog circuit for removing the transhybrid component and near 
end echo fi"om an incoming signal; and providing an analog data band filter for 
preventing data band interference on the voice band signal. 

Further still, there is provided: a termination circuit for a subscriber line interface 
connected to a transmission medium for bi-directional communication of both voice and 
data signals, said termination circuit comprising; detection means to detect voice and data 
signals at a coimection point to said transmission medium; a voice band return loss means 
monitoring said voice and data signals and generating a voice band return signal to be 
forwarded to said connection point, said return signal being a representation of said voice 
band signal; and a voice band filter connected to said return loss means said voice band 
filter isolating said voice band retum loss signal firom said data band signal. 

Also, there is provided: a termination circuit for a subscriber line interface 
connected to a transmission medium for bi-directional communication of both voice and 
data signals, said termination circuit comprising; detection means to detect voice and data 
signals at a connection point to said transmission medium; a data band retum loss means 
monitoring said voice and data signals and generating a data band retum signal to be 
forwarded to said coimection point, said data band retum signal being a representation of 



said data band signal; and a data band filter connected to said return loss means said data 
band filter isolating said data band return loss signal from said voice band signal. 

A termination circuit having both voice and data return loss circuits having voice 
band and data band filters respectively is also contemplated by the invention. 

Brief Description of the Drawings 

The invention will now be described in greater detail with reference to the 
attached drawing wherein Figure 1 is a block circuit diagram of the invention. 

Description of the Invention 

Figure 1 is a block diagram illustrating at a high level the various circuits and 
components making up the invention. A line termination exists wherever something 
connects to a twisted pair wire. Any signal transmitted along the twisted pair wire would 
have a fraction of its signal reflected back to the source. This is known as a far end echo. 
The amovmt of the reflected signal is dependent on how closely the termination 
impedance matches the line impedance. Since a twisted pair of wire looks hke different 
impedances for different frequencies, any termination circuit that is optimized for high 
frequency apphcations will not be optimized for voice band and vice versa. A physical 
termination suitable for both bands is generally not possible. A method of making a 
physical termination look like it has a termination impedance different than the physical 
impedance is to have a fraction of the signal received at the termination modified by a 
return loss circuit 114 and fransmitted back out on the line. This modulates the line driver 
output impedance to make physical termination look different than without the 
modulation. 

Typically devices used for data will have a means of canceling the resulting far 
end echo which is reflected back to them, but most voice band equipment does not have 
any means of canceling echo reflected back to it. Therefore, anyone planning to do voice 
fransmission must match the line impedance better than someone doing just data 
transmission who could ignore how much far end echo they generate. 

The problem is that the return loss circuitry 114 used to match a line for voice 



characteristics can actually interfere with the higher frequency data signal. In order to 
provide a good termination for the voice band without significantly affecting the data 
band signal, the invention uses a voice band filter 113 to isolate the effects of the 
modulation to the voice band. Similarly the return loss circuit 117 for the data band is 
5 limited to only affecting the data band by the data band filter 116. 

Since systems requiring the presence of both voice and data over the same twisted 
pair wire are required to produce only small far end echo in the voice band, a circuit is 
required to reduce the voice band far end echo generated. Since this requirement may 
degrade the data band signal performance, the invention incorporates a voice band filter 
10 11 3 to minimize the impact on the data band signal. This abiUty to provide a circuit 

which reduces far end echo in the voice band but has little impact on the data band signal 
allows for good voice band performance as well as a simpler data band receive circuit. 
^ Since any bi-directional transmission along a twisted pair wire contains both the 

transmit and receive signals, a fi-action of the outgoing signal across the outputs of 103 
-15 and 104 will appear across Tip 131 and Ring 132. This is referred to as the transhybrid 

=^ component. Also any mismatch in the line termination on the transmit connection to the 

; line and the actual line will result in a fi-action of the outgoing signal being reflected back 

I, and added to the incoming signal. That fi-action is called the near end echo. 

For voice band signals, the transmit and receive signals are approximately the 
20 same amplitude range. Therefore, the incoming signal made up of the receive signal plus 

the near end echo plus the transhybrid component will not be much larger than the 
receive signal amplitude alone. Therefore, the resolution of the analog to digital converter 
required to digitize the voice signal with near end echo and transhybrid component does 
not have to be much better than that required for the voice signal alone. The invention 
25 could perform near end echo cancellation and transhybrid component cancellation with 

either an analog circuit or a digital circuit afl;er digitization. Therefore, for voice band 
signals this is generally not a problem. 

Since the transmit signal, across the outputs of 103 and 104, for data fi:equency 
band is quite large compared with its data band receive signal across Tip 131 and Ring 
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132, any transhybrid component or near end echo from its transmit signal may also be 
much larger than its receive signal especially for long wire lengths. If an analog to digital 
converter is eventually required to digitize the data band receive signal, the dynamic 
range of the analog to digital converter will have to allow for the receive data band signal 
5 as well as the near end echo and transhybrid loss. This requires the resolution of the 

analog to digital converter to be much better than that required for the data band receive 
signal alone. 

A typical solution would be to digitize the signal, using a high resolution analog 

to digital converter, and cancel the near end echo and transhybrid component in the 
10 digital domain. The invention uses an analog circuit 118 to perform the transhybrid 

component estimation and near end echo estimation and subtracts them from the 
Z incoming signal to produce a new signal which is close to just the receive signal alone. 

~- The invention uses a data band filter 1 1 9 to limit the effects of the estimations to the data 

frequency band. This reduces the transhybrid component and near end echo to a point 
15 where the resolution of the analog to digital converter required to digitize the incoming 

data band signal does not require much more resolution than that required to digitize the 

data band receive signal alone. 
3^ Analog to digital converters for the frequency range of the data band become very 

difficult to manufacture and are also very expensive for high resolution, therefore by 
20 reducing the resolution requirements of the analog to digital converter, the invention 

reduces overall system cost and improves manufacturability. 

For any system required to deal with both voice and data over the same twisted 

pair wire, there will be both voice band and data band components on the incoming 

signal. Since the characteristics of the line produce a low pass filtering effect, the higher 
25 frequency data band signal is attenuated more than the lower frequency voice band signal. 

This results in the voice band receive signal having a larger amplitude than the data band 

receive signal. 

Therefore, for a system required to receive both voice and data signals, an analog 
to digital converter with a resolution much better than that required if only the data band 
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receive signal was presented to the analog to digital converter is required, due to the 
difference in the relative amplitudes of the voice band signal and the data band signal. 
This is a typical method in a system using both voice and data on the same twisted pair 
wire. 

One way of avoiding a very high resolution analog to digital converter is to use 
analog filters 125 and 126 to allow for the voice band and the data band respectively to be 
separated. This allows for the voice band and the data band to be digitized by two 
separate lower resolution analog to digital converters. Since the voice band analog to 
digital converters are less expensive than the wide band analog to digital converters for 
the data band, the combined cost of a voice band analog to digital converter and a low 
resolution data band analog to digital converter will be less than the cost of an analog to 
digital converter with high enough resolution to digitize a signal containing both voice 
band and data band components. 

A second way of avoiding a very high resolution analog to digital converter is to 
have the outputs of the filters 125 and 126 independently scaled and summed. This would 
provide a single output signal consisting of both the voice band and data band, but with 
the voice band and data band scaled such that they have approximately the same relative 
amplitudes. This allows for a single analog to digital converter to be used to digitized the 
voice band and the data band but without requiring the analog to digital converter to have 
a resolution much higher than that required for digitizing the data band signal alone. 

A third way of avoiding a very high resolution analog to digital converter is by 
independently scaling and summing the voice band and data band signals of a system 
requiring both voice and data over the same twisted pair wire. 

While particular embodiments of the invention have been described and illustrated 
it will be apparent to one skilled in the art that that numerous variations can be made to 
these embodiments without departing significantly from the basic concept. It is to be 
understood, however, that such variations will be seen to fall within the full scope of the 
invention as defined by the appended claims. 



